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Endovascular treatmentCarotid cavernous ﬁstula (CCF) is a rare complication of surgical procedures. Single case reports have been
published in association with carotid endarterectomy (CEA). We hereby present a case of a 75 years old
woman who was admitted to our hospital with complaints of intense headache, bilateral visual disturbance
and proptosis one month after elective CEA.
CT angiography demonstrated a right side CCF. Digital subtraction angiography (DSA) showed a direct high-
ﬂow ﬁstula with subtotal vascular steal phenomenon on the right side. Initial endovascular occlusion was
partial but gave almost total relief of all symptoms. A few weeks later a second procedure was necessary due
to recurrence of ocular symptoms and headache. This time complete occlusion of the ﬁstula was achieved. The
patient had episodic headaches at follow-up 9 months later. Follow-up DSA demonstrated a complete ﬁstula
occlusion and normal ﬁlling of distal cerebral vessels.
This is a case to illustrate a rare complication of carotid artery surgery. The patient had atherosclerotic vessel
damage of ICA visible on earlier CT scans. This combined with abrupt increase of transmural pressure due to
the revascularization procedure could possibly lead to arterial wall rupture and ﬁstula formation.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-SA license
(http://creativecommons.org/licenses/by-nc-sa/3.0/).Introduction
Carotid cavernous ﬁstulae (CCF) are an uncommon complication of
medical interventions. Mostly caused by direct injury to the cavernous
segmentof the internal carotid artery (ICA) afterhead injuryor appearing
spontaneously, these ﬁstulae have also been reported in associationwith
surgical interventions such as transsphenoidal surgery and endovascular
procedures, but rarely after carotid endarterectomy (CEA).We present a
case of direct CCF after unilateral carotid endarterectomy.
Case report
A 75 years old woman suffered from a cerebral transitory ischemic
attack (TIA) in September 2012 and was diagnosed with critical carotid
stenosis at the bifurcation level on following CT angiography. She
underwent elective right side eversion-CEA in November 2012 at an
outside hospital. The eversion extended from proximal ICA to the
commoncarotid artery, covering thebifurcation area. Noperiprocedural
complications were reported. The initial CTA images revealed several
plaques in the walls of the cavernous segment of the ICA (Fig. 1A).
Her previous medical history included 3 myocardial infarctions
(last one 6 months prior to TIA), coronary bypass surgery in 1995 andrgery, Surgery Clinic, North
Estonia. Tel.: +372 617 1921.
Asser).
B.V. This is an open access article ucoronary stenting in 2005, hypertension, hypercholesterolemia and
atherosclerotic vascular damage. She was a non-smoker. Therewas no
history of head injury or anticoagulant use.
Two weeks after CEA the patient started feeling headaches and a
pulsatingpainbehindher right eye.Within a fewdays therewas a sudden
deterioration of her eyesight in both eyes with evident bilateral
conjunctival chemosis and proptosis. Right side ophtalmoplegia ensued.
Therewasanaudibleorbital bruitbilaterally.Nosignsof cerebral ischemia
were present. Based on the symptoms, CT angiographywas done and this
demonstrated a carotid cavernous ﬁstula on the right (Fig. 1B).
A right side direct high ﬂow ﬁstula with subtotal vascular steal
phenomenon was evident on digital subtraction angiography (DSA)
(Fig. 1C).
Emergency endovascular closure of the ﬁstula was undertaken
through arterial access using a detachable balloon (Goldbal1, Balt
Extrusion, France) and coils (Axium 3D, ev3 Endovascular, USA). Partial
occlusion was initially achieved (Fig. 2A). Flow through the ﬁstula was
decreased and ﬁlling of distal ICA branches improved markedly.
Headache and ocular pain decreased already during the procedure
and by the following day a signiﬁcant reduction of all ocular symptoms
was evident. Within the following week headache and chemosis
subsided. The patient was instructed to carry out manual carotid
compressions and was transferred to an acute rehabilitation depart-
ment with only a mild residual headache associated with head motion.
Two weeks later there was a sudden recurrence of severe
headache and ocular symptoms during a physical therapy session.nder the CC BY-NC-SA license (http://creativecommons.org/licenses/by-nc-sa/3.0/).
Fig. 1. (A) Fragment of an axial CT scan obtained immediately after the patient suffered a TIA prior to CEA. Normal enhancement of both cavernous segments of ICAs is seen. Plaques
of the arterial wall are marked with the white arrow. (B) Fragment of an axial maximum intensity projection slice of the CT angiogram at presentation with ocular symptoms.
Bilateral contrast enhancement of the cavernous sinuses and orbital veins (small white arrows) during the arterial phase of the study can be seen. Plaque of the ICA wall is marked
with the large white arrow. (C) Coronal projection from the initial DSA demonstrates a right side high-ﬂow direct CCF and a vascular steal phenomenon, resulting in a minimal
amount of contrast medium reaching distal ICA branches.
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This time a combined endovascular approach was used. First the
posterior part of the remaining ﬁstulous connection was occluded
through a cavernous sinus approach with coils (Axium 3D, ev3
Endovascular, USA). Then, using an external carotid approach, the
anterior part of the ﬁstula was occluded with another set of
detachable coils. Complete occlusion was achieved with normal ﬁlling
of distal vessels (Fig. 2B). There was marked bilateral periorbital
swelling during the ﬁrst 3 days post-procedure but thereafter all
symptoms gradually subsided. The patient was discharged home in a
good condition.
At the time of follow-up DSA 9 months after the second procedure
she was still suffering from periodic headaches which required
occasional medication. Ocular symptoms were negligible. Use of
reading glasses was necessary as before the ﬁstula formation. No focal
neurological deﬁcit was present. The DSA showed an unaltered
placement of occlusion material, no ﬂow through the ﬁstula and
normal contrast enhancement of distal intracranial arteries (Fig. 2C).
Discussion
Weherebypresentanunusual complicationof carotidendarterctomy—
a direct high ﬂow CCF with a subtotal vascular steal phenomenon.Fig. 2. Endovascular treatment results. (A) Partial closure of the ﬁstula has been achieved d
enhancement has improved slightly, with the cavernous sinuses still ﬁlling. (B) Additional c
occlusion with normal ﬁlling of distal ICA branches. (C) The ﬁstula remains occluded at follow
on all images.Barrow and colleagues [1] classiﬁed CCFs into four subtypes with
type A being the direct connection between ICA and the cavernous
sinus. Type A is also the most common accounting for approximately
75%–80% of CCFs overall. CCF following carotid endarterectomy is a
rare occasion with only a limited number of cases reported in
literature [2–4]. More frequently invasive procedures involving the
ICA directly (stenting, balloon remodeling, distal thrombus removal
with Fogarty catheters) or working in its proximity (transsphenoidal
surgery) have been reported as causes for CCF formation [4,7].
Several predisposing factors for ﬁstula formation have been
proposed. These include arterial hypertension andatherosclerotic vessel
damage leading to the rupture of the cavernous segment of ICA. The
altered vessel wall is at risk of rupture due to abrupt changes in
transmural pressure in the cavernous segment of ICA as a result of CEA.
High ﬂow, direct CCF-s are unlikely to resolve by manual carotid
compression and thus require more aggressive management. Options
include open surgical repair, endovascular occlusion of the ﬁstula and
radiosurgical treatment. Surgery should be considered if proximal
vascular access is difﬁcult or endovascular treatment fails. Although
good results have been reported in small series of patients treated
with direct surgery [6], endovascular treatment remains the method
of choice in most cases. Various technologies have been developed
over the years [5], making this a viable ﬁrst option for direct CCFuring the ﬁrst endovascular procedure with a balloon and coils. Distal arterial contrast
oil embolization during the second endovascular procedure has resulted in total ﬁstula
-up 9 months after initial treatment. Occlusion material is marked with a white arrow
130 A. Asser et al. / Interdisciplinary Neurosurgery: Advanced Techniques and Case Management 1 (2014) 128–130closure. In our case the ipsilateral carotid bifurcation had been
previously cleared of atherosclerotic plaques, thus making the
transarterial approach readily available and decreasing the risk of
distal embolic events. In case of technical problems or difﬁcult
anatomical variations, other routes of access can be employed.
Transvenous approaches, and even less commonly the anastomosing
arteries between the external and internal carotid systems have been
used to facilitate complete ﬁstula closure. An excellent review of the
endovascular treatment options has been recently published by
Korkmazer et al. [8]. We chose the external carotid system due to
several reasons, but most importantly ICA sacriﬁce was not an option
and further venous access was deemed unsuitable due to the
embolization material already present. Overall, aggressive treatment
of direct CCF can result in quick and complete reversal of all symptoms.
In our patient the ﬁstula resulted in a subtotal vascular steal
phenomenon, which is observed in less than 10% of CCF cases. If
contralateral blood supply is also insufﬁcient, it is a high risk scenario
for an ischemic stroke. The steal phenomenon is yet another argument
for early invasive management.
Although CCF is a rare complication, perhaps a more cautious
approach toward endarterectomy should be considered in thepresence of marked atherosclerotic damage of the intracranial
portion of ICA.
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